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§13. MHO Stability Boundary with Magnetic 
Axis Shift 
Okamura, S., Nakajima, N. 
The ideal interchange stability (Mercier stabili-
ty) of CHS plasmas depends on the vacuum mag-
netic axis position and the plasma beta value. 
When the magnetic axis is shifted outward, the 
magnetic well produced in the central region gives 
stability together with the magnetic shear in the 
boundary region. When the magnetic axis is 
shifted inward, the magnetic well disappears and 
the configuration becomes unstable. But in the 
high beta equilibrium, the plasma pressure gives 
large Shafranov shift which produces magnetic 
well for the stability. 
Figure 1 shows a Mercier stability diagram of 
CHS plasmas for the vacuum magnetic axis posi-
tion and the averaged beta. Equilibria were calcu-
lated using the free-boundary VMEC. Though the 
magnetic axis position moves outward when the 
plasma beta increases, the data points are plotted 
for the axis position in the vacuum. The beta limit 
means the maximum beta values with which the 
VMEC calculation gives equilibrium solution. In 
the region above Mercier criterion, the equilibrium 
is interchange-stable at any radial position (high n 
mode limit). Low mode boundary shows D1 = 
0.2 criterion which gives the low n mode stability 
boundary. Experimental data is located above 
these stability boundary which means the achieve-
ment of second stability for the ideal interchange 
instability. 
The same stability diagram is replotted in Fig. 
2 which uses the position of averaged last closed 
flux surface (Roo is the fourier component of 
major radius averaged both in poloidally and 
toroidally). It shows that the second stability of 
high beta plasmas in CHS is given by the change 
of equilibrium configuration even in the case the 
plasma position is controlled to be unchanged. 
The outward movements of plasmas for the three 
high beta discharges are shown by the arrows. 
(a) is for the 2.1 % beta discharge. (b) is for the 
dynamic position control experiment where the 
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poloidal field control during the discharge pushed 
back the plasma position. (c) is for the discharge 
with strongly inward shifted configuration. It is 
important that such discharge was experimentally 
obtained in the (theoretically) unstable region. 
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Fig. 1 Mercier stability map for vacuum magnetic 
axis position and average beta. 
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Fig. 2 Stability calculation for finite beta plasma 
position. Plasma shifts for high beta 
discharges 
